Background: The QoR-15 is a patient-reported outcome questionnaire that measures the quality of recovery after surgery and anaesthesia. We aimed to perform a systematic review and meta-analysis of the measurement properties of the QoR-15. Methods: Studies reporting measurement properties or interpretability of the QoR-15 after surgery were eligible for inclusion. All languages were included in the PubMed and Embase search. The COSMIN guidelines for systematic reviews of patient-reported outcome measurements were followed. Criteria for good measurement properties outlined in the consensus-based guidelines for selecting outcome measurement instruments for clinical trials were applied. A metaanalysis and synthesis of data across studies was performed. Results: Nine hundred and thirty-three titles were identified, and six articles were included in the study. The study population comprised 1548 patients undergoing a variety of surgical elective procedures. The QoR-15 was validated in English, Danish, Chinese, and Portuguese. High-quality evidence for good content validity, good internal consistency
The QoR-15 is a recently developed patient-reported outcome measurement (PROM) of postoperative quality of recovery. 3 It was developed from the larger QoR-40, which has been extensively used and validated as a measurement of postoperative quality of recovery. 4, 5 The QoR-15 had equivalent psychometric properties compared with the QoR-40, but was more feasible to use. 3 Systematic assessment of the measurement properties of an outcome measurement instrument is necessary if it is to be used in a clinical setting. Systematic reviews of health-related outcome measurement instruments often lack a comprehensive search strategy, assessment of methodological quality of included studies, assessment of the measurement instrument properties, and data synthesis. 6 The COnsensus-based Standards for the selection of health Measurements Instruments (COSMIN) (www.cosmin.nl, accessed 8 September 2017) group has developed a validated checklist for performing systematic reviews of measurement instruments in order to enhance the quality of systematic reviews on measurement properties, and the COSMIN taxonomy and criteria for good measurement properties should be used when evaluating outcome measurement instruments. 7e10 No studies on PROMs regarding quality of recovery after surgery and anaesthesia have been performed according to recommendations developed by the COSMIN group.
The aim of this study was to assess the measurement properties and interpretability of the QoR-15 questionnaire measuring quality of recovery after surgery, using the COSMIN four-point checklist and the criteria for good measurement properties as proposed by the COSMIN group and adopted by the consensus-based recommendations for selecting outcome measurement instruments.
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Methods
The protocol for this systematic review was registered on PROSPERO (CRD42016047770) and is available in full on the PROSPERO website (www.crd.york.ac.uk/PROSPERO/, accessed 8 September 2017). The study is reported according to the PRISMA statement. 11 
Eligibility criteria
Full-text articles on the development, evaluation of one or more measurement properties, or interpretation of the QoR-15 as a measurement of postoperative recovery were eligible for inclusion. Studies where the QoR-15 was used as an end point without studying the measurement properties or the interpretability were excluded. All languages were included.
Search strategy
Medline (through PubMed) and Embase (through Ovid) were searched using relevant terms for quality of recovery, postoperative patients, questionnaires, and QoR-15. The original article describing the development of the QoR-15 was published in 2013, and the search was therefore limited to 2013 until the present. 3 In PubMed, a sensitivity filter and an exclusion filter were used as proposed when performing systematic reviews on measurement properties of measurement instruments. 8 Medline journals were excluded from the search in Embase. A full and comprehensive description of the search strategy is available as Supplementary material Supplemental Digital Content 1.
Selection of studies
Two independent reviewers assessed titles, abstracts, and selected full-text articles from the literature search. Each reviewer independently assessed reference lists of full-text articles for additional relevant articles. Disagreement between reviewers was handled by consensus; otherwise, a third reviewer made the decision.
Data extraction
The general characteristics of each study regarding country and language, number of participants, selection of participants, settings, age of participants, distribution of sex, ASA class, type of surgery, type of anaesthesia, recruitment rate, completion rate, and time and method of administration of the QoR-15 questionnaire were extracted and presented.
Results of measurement properties and methodological quality were extracted as described below. If all relevant analyses or results needed to make the relevant analysis were not available in the original article, the corresponding author was contacted and asked to supply the analysis or the raw data in order for the analysis to be done.
The definition of responsiveness in the COSMIN four-point checklist and in the COSMIN taxonomy differs from calculation of Cohen's effect size or standardized response mean, which is often used as a measure of responsiveness. For this reason, when possible, the following hypotheses were tested for the included studies if not given in the original article: (i) negative correlation between duration of surgery and change in QoR-15 from preoperative baseline to postoperative day 1; and (ii) larger decrease in QoR-15 from preoperative baseline to postoperative day 1 with increasing magnitude/degree of surgery.
Interpretability of the QoR-15 was extracted using the 'inter-pretability' box in the COSMIN four-point checklist. Other clinical interpretations of the QoR-15 that were not part of the interpretability box were also extracted and presented.
Two independent reviewers extracted data and assessed the methodological quality of each study included. Disagreement was resolved by consensus; otherwise, a third reviewer made the decision.
Assessment of measurement properties
Measurement properties were defined according to the COnsensus-based Standards for the selection of health Measurements Instruments (COSMIN) taxonomy. 12 Measurement properties can be divided into three domains: reliability, validity, and responsiveness. Interpretability is not a measurement property, but an important characteristic of the measurement instrument. The domain 'reliability' refers to the degree to which the measurement is free from measurement error and consists of reliability, internal consistency, and measurement error. Reliability is usually expressed by the intraclass correlation coefficient (ICC) and is the proportion of the total variance in the measurement attributable to true differences between patients. Internal consistency is the interrelatedness among items and is usually measured by Cronbach's a. Measurement error represents the systematic and random error of a score not attributed to true changes in the construct to be measured and can be expressed by the standard error of measurement from which the smallest detectable change can be calculated.
'Validity' is the degree to which an instrument measures the construct of interest. It comprises content validity, criterion validity, and construct validity. Content validity is the degree to which the instrument is an adequate reflection of the construct intended to be measured. For PROMs, this is usually done through interviews with patients and healthcare staff in the field of interest and qualitative research. Criterion validity is the degree to which the measurement instrument is an adequate reflection of a 'gold standard'. Given that there exists no gold standard for measuring quality of recovery, criterion validity is not be evaluated in the present study. Construct validity consists of three aspects: structural validity, hypothesis testing, and crosscultural validity. Structural validity refers to whether the instrument is an adequate reflection of the dimensionality of the construct to be measured and is determined by factor analysis. The QoR-15 measures quality of recovery and is considered unidimensional. Hypothesis testing is the degree to which the instrument measure relates to other measures in a way one would expect if the instrument is validly measuring the supposed construct. Cross-cultural validity is the degree to which a translated or culturally adapted questionnaire is an adequate reflection of the original questionnaire. Often only the translation process is addressed in studies and only the translational process will be evaluated.
'Responsiveness' is the ability of an instrument to measure change over time in the construct it is intended to measure. Hypothesis testing or comparison with a gold standard in a longitudinal design is usually performed.
Evidence of good measurement properties was based on the modified criteria for good measurement properties proposed by Terwee and colleagues 9 and part of the consensusbased guidelines for selecting outcome instruments.
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Assessment of methodological quality of included studies
The COSMIN four-point checklist was used to assess the methodological quality of the included studies. 7 The COSMIN fourpoint checklist consists of nine boxes with standards for how each measurement property should be assessed. Each item in a box is rated as poor, fair, good, or excellent. An overall score per measurement property per study is determined by taking the lowest rating of any items in a box.
Synthesis of data and quality of evidence
In order to provide an overall estimate of reliability, a metaanalysis of Cronbach's a, ICC for test-retest, and standard error of measurement was performed. Structural validity and unidimen-sionality were assessed across studies using confirmatory factor analysis on raw data provided by authors of the identified stud-ies. 13e15 For each measurement property, the quality of evidence was graded based on the number of studies, the methodological quality of the studies, and the consistency of their results. 10 
Statistical analysis
Spearman's r was used for correlations. A two-way random model with absolute agreement calculated the ICC. The standard error of measurement was calculated as follows: If SD of first measurement is presented and ICC from the same measurement times and population are presented. The smallest detectable change was calculated as the upper 95% confidence limit of the standard error of measurement (Smallest detectable change¼1.96 Â standard error of measurement).
Structural validity and unidimensionality were evaluated using confirmatory factor analysis on available data. Studies providing raw data were merged and randomly divided into two equally sized groups, a 'test' set and a 'validation' set. A one-factor model was fitted for the 'test' set. Guided by the modification indices, residual variance was allowed to correlate between items if item correlation was justified through shared specific content. The one-factor model with correlated residual variance was transformed into a bi-factor model using the correlations as an indicator of other specific factors than the general factor. The bi-factor model was tested using the 'test' set and validated using the 'validation' set. Structural validity and unidimension-ality of the QoR-15 were evaluated using the validated model on the entire data set. Confirmatory factor analysis (CFA) was performed using the package 'lavaan' version 0.5-22 in R 3.3.2. 16 The CFA model was fitted using weighted least squares with mean and variance. 17 The explained common variance, per cent of uncontaminated correlations, omega hierarchical, and average relative parameter bias were calculated using the 'Bifactor Indices Calculator for excel'. 18 Meta-analysis of Cronbach's a and ICC was performed using the package 'metafor' version 1.9-9 in R 3. 
Results
The search strategy identified 933 titles. After screening of titles and abstracts, 39 full articles were read, and six articles were included in the study (Fig. 1) . The total patient population was 1548. One study was the original development and validation of the QoR-15 score. 3 Three studies concerned the translation and validation of the QoR-15 score in a language other than English. 13, 14, 20 One study concerned the validation of the QoR-15 score in an orthopaedic ambulatory setting. 15 Finally, one study concerned the interpretation and identification of the minimal clinical important difference of the QoR-15 score. 21 Authors of the included studies were contacted and asked to supply additional analysis or raw data in order to carry out analyses that were missing in the original publications. The authors of one study did not respond to our request. 20 Authors of the remaining studies all replied and contributed with the requested analysis 3, 21 or anonymized raw data. 14, 15, 17 The results of the additional analyses were included in the evaluation of the methodological quality of the studies and for evaluating measurement properties.
General characteristics of the included studies are presented in Table 1 . The studies represent a heterogeneous population regarding type and magnitude of surgery. All of the studies evaluated the QoR-15 in elective surgical patients.
Methodological quality of included studies
The methodological quality of each study per measurement property is presented in Table 2 .
All of the studies reported Cronbach's a, but none of the included studies had performed factor analysis for structural validity or assessment of unidimensionality. Exploratory factor analysis was provided by the authors of two studies. 3, 21 Confirmatory factor analysis was performed on merged raw data provided by authors of three studies, and the results from the CFA were used when rating the individual studies. Only one study did not supply raw data or the requested factor analysis. 20 Studies on reliability and the standard error of measurement were rated poor in two studies because of small testretest sample sizes, but would otherwise have been rated good. 3, 13 Standard error of measurement was supplied by the author of one study 3 and calculated using raw data from two other studies. 13, 14 The standard error of measurement could be calculated from the ICC and SD presented in the article, when data were not provided. 20 One study used Spearman's r for test-retest reliability, and the ICC was calculated from the study's raw data. 13 Two studies had not performed testretest. 15, 21 Only the original study describing the development of the QoR-15 evaluated content validity. 3 None of the other studies carried out a formal evaluation of content validity.
Hypotheses used for testing construct validity were prespecified, except in one study.
14 Responsiveness was usually evaluated by Cohen's effect size or standardized response mean, and responsiveness was evaluated using the requested analysis specified in the Methods section.
Measurement properties of the QoR-15
The results provided by each study, per measurement property, are presented in 15 there was a negative correlation between duration of surgery and change in the QoR-15 from baseline to postoperative day 1 (Spearman's r ¼ e0.158, P¼0.001).
The minimal clinical important difference was defined in one study and was reported to be 8.0. 21 From the study on the minimal clinical important difference in the QoR-15 21 , the exploratory factor analysis showed that the first factor accounted 5 for 30.9% of the total variance, and the ratio of factor 1 to factor 2 was 3.37. The scree plot clearly suggested a one-factor solution.
Confirmatory factor analysis showed good fit of a bi-factor model for the merged data from the three studies providing raw 10 data ( Table 4 ). The bi-factor model is presented in Supplementary material Figure S1 . Factor loadings and the explained variation for the 15 items in the QoR-15 are presented in Supplementary material Table S1 . The explained common variance was 0.57, the percentage of uncontaminated correlations 15 was 0.91, the omega hierarchical was 0.81, and the average relative parameter bias was 6.80 for the specified bi-factor model. These results support essential unidimensionality of the QoR-15. 
Synthesis of data and quality of evidence
Synthesis of data and quality of evidence per measurement 25 property of the QoR-15 are presented in Table 5 . 20 The remaining studies were all of high methodological quality. The confirmatory factor analysis showed that the QoR-15 fitted a bi-factor model and could be considered essentially unidimensional. There is high-quality evidence of good internal consistency of the QoR-15 as a unidimensional measurement instrument. All studies assessing reliability reported an ICC of 0.98 or above, and the meta-analysis of the ICC was 0.989 (95% CI from 0.986 to 0.992). One study reported a standard error of measurement resulting in a smallest detectable change above the minimal clinical important difference, but the remaining studies all 40 reported a standard error of measurement that resulted in a smallest detectable change below the minimal clinical important difference. The meta-analysis showed a standard error of measurement of 1.85 (smallest detectable change 3.63). As one study 20 had performed test-retest in a very large sample size 45 compared with the other studies and, in addition, had results that were very favourable regarding the standard error of measurement, a meta-analysis of the standard error of measurement without the study was performed (standard error of measurement 3.44, smallest detectable change 6.74). Both meta-analyses 50 of the standard error of measurement resulted in a smallest detectable change below the minimal clinical important difference. The methodological quality of the studies performing test-retest was generally of good quality when disregarding sample size, except one study that remained poor. There is at least moderate-quality evidence of good reliability and measurement error of the QoR-15.
Only one study reported content validity. 3 The questions making up the QoR-15 were the results of a long and thorough process of developing questionnaires for measuring quality of recovery, and there is high-quality evidence of good content validity of the QoR-15. Studies performing hypothesis testing and evaluating responsiveness were mostly of good quality. Except for one study of poor methodological quality, 75% or more of the hypotheses pre-specified were confirmed.
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Discussion
The QoR-15 is a valid PROM measuring quality of recovery after surgery and anaesthesia. There is high-quality evidence supporting the QoR-15 as a unidimensional measurement of quality of recovery, and there is at least moderate-quality evidence that the QoR-15 is a reliable instrument with regard to reliability and error of measurements. Furthermore, the smallest detectable change is below the minimal clinical important difference, making the QoR-15 a valuable tool in clinical trials or studies.
Our study has certain limitations. One author group did not respond to our request of additional analysis or raw data. Furthermore, the confirmatory factor analysis was feasible only for studies that provided raw data.
13e15 However, nearly half of the patient population from the identified studies were included in the CFA. The patient population was heterogeneous, and this could be seen as a limitation. However, as the objective was to evaluate the QoR-15 as a measurement of quality of recovery after surgery and anaesthesia, the heterogeneous population supports generalizability across patients and types of procedures. Whether the QoR-15 should be validated with regard to specific procedures and patient populations is beyond the scope of this review. There is always a risk of having missed publications and a risk of publication bias; both are difficult to address, but the search was comprehensive and included all languages. All of the identified articles used the QoR-15 in a non-acute setting. The QoR-15 has been successfully used in an acute setting and is correlated with the return to recreational and occupational activities in patients undergoing laparoscopic surgery for suspected acute appendicitis. 28 A recent review concluded that the lack of using baseline values in the QoR-15 was a disadvantage of the QoR-15. 29 We would argue that it is doubtful whether baseline values before surgery are a reflection of the true baseline. 15 In addition, using baseline values would exclude such a measurement instrument from being applied to research in the acute surgical settings. Numerous measurement instruments for measuring quality of recovery have been developed. 29 None of these have undergone a systematic assessment using predefined criteria for quality and good measurement properties. We used the COSMIN four-point checklist for quality assessment and the criteria for good measurement properties adopted by the consensus-based recommendations for selecting outcome measurement instruments.
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The QoR-15 fulfils the requirements stated in the consensusbased guideline on the methods for selecting outcome measurement instruments for outcomes included in a 'Core Outcome Set'. 10 These requirements should also be applied when selecting outcome measurement instruments for individual clinical trials. The QoR-15 is the first patient-reported outcome questionnaire measuring quality of recovery after surgery that has been assessed according to the COSMIN guidelines and fulfils the consensus-based requirements for being used as a measurement of postoperative quality of recovery. The main objective of interventions in surgery and anaesthesia is to improve patient outcome. Patient-reported outcomes should at least be included as a secondary outcome in clinical trials in surgery and anaesthesia. We would strongly recommend that the QoR-15 be used as a standard outcome measure of quality of recovery in clinical trials in surgery and anaesthesia.
